This represents a difference in cell volume of 33, more than an order of magnitude.
Bortoff was able to record intracellularly from cells throughout the retina of Nectwus and to stain these cells for later identification.
He described several response types in the retina, primarilv those of the more distal neurons, which give slow, graded potentials. Bortoff used diffuse illumination in his experiments, and did not study the spatial organization of the receptive fields for each neuron.
It will be shown here that study of spatial organization is crucial for interpreting the functional organization of the retina.
In other vertebrate retinas, intracellular recording and staining have been possible in only a few cell types. Fish, for example, have relatively large horizontal cells that can be penetrated' easily, and these cells have been extensively studied. The potentials recorded from within these cells-the luminosityor L-type S potentials-are sustained and graded with illumination over a limited range of intensity and are always hyperpolarizing (15, 24, 25, 27, 29, 30, 3% 35, 37-39, 42 Cells that stained consistently along the inner margin of the inner nuclear layer were identified as amacrine cells (Fig. 2d ). Twenty stained amacrine cells were recovered, and more than 100 were recorded from. Cells identified as bipolar cells were usually found within the outer half of the inner nuclear layer. Fourteen such cells were stained and more than 100 recorded from. The stained bipolar cell shown in Fig. 2c is typically oval, and shows staining of its Landolt club process. The horizontal cell shown in Fig. 2b is located at the outer margin of the inner nuclear layer, and shows a flattened apical surface, typical of many horizontal cells. Twentyfive horizontal cells were stained and recovered successfully, but many more were recorded from during the course of these experiments.
As noted above, it was often possible to obtain a sequence of intracellular recordings while penetrating the retina with a single pipette. Fig. 3 . Neurons in the distal retina respond with slow, graded, mostly hyperpolarizing potentials, as shown in the upper half of the figure. In the proximal retina (lower half of the figure) most neurons respond with transient, depolarizing potentials on which impulses are superimposed.
For each type of neuron the response both to focal (left side of figure) and to annular (right side of figure) illumination centered on the receptive field was recorded. These two measurements provided sufficient information to characterize each response type. For example, the receptor has a narrow receptive field such that spot illumination evokes a much larger response than annular illumination. The horizontal cell has a broad, uniform receptive field, so that both spot and annular illumination evoke a sizable hyperpolarizing response. The bipolar cell responds with a sustained polarization when the center of its receptive field is illuminated. The sustained response is reduced when illumination is added at the periphery of the receptive field (right column). The units proximal to the bipolar cell reflect the antagonism between center and periphery established at the level of the bipolar cell, but these units are depolarizing and spike-generating neurons. The intracellularly recorded horizontal cell response, like that of the receptor, is hyperpolarizing and sustained with intensity. Figure  3 shows, however, that the horizontal cell response is slower, with a latency of about 100 msec and a time to peak of over 300 msec. At the cessation of illumination, the horizontal cell response decays with a similar slow time course, lasting about 300 msec. The magnitude of the response is graded with intensity over about 3 log units. However, the shape of the intensity-response curve depends on the configuration of the stimulus. Figure 6 shows that the response Fig. 10 . For these recordings, an annulus with radius of 250 lo was used throughout. The annulus was sufficiently bright so that scatter into the center of the receptive field generated an initial center response (here a hyperpolarization).
The effect of the scatter was reduced in each successive (lower) trace by increasing sustained illumination at the center of the receptive field. In the lowermost record of Fig. 10 the central illumination was so great that the unit was saturated and no center response was evoked by the annulus.
In all cases except the last the center hyperpolarizing response preceded the antagonism by more than 100 msec. Because of this latency difference there is in the bipolar cell a transient center response to any change in illumination even if there is not a change in contrast. The response is maintained only if the center-surround contrast is altered. If the stimulus intensity was varied slowly enough, it was possible to increase the intensity by many orders of magnitude above threshold without evoking a regenerative response in an amacrine cell. The dimensions of the receptive fields for the amacrine cells have been difficult to determine accurately. Some units had very broad, uniformly sensitive fields and responded at both "on" and "off" to illumination of any area of the receptive field. Others had narrow centers (measuring lOO-200 l,Q and larger surrounds like the receptive fields of the bipolar cells (Fig. 3) . These units responded at on to central illumination, and at off to peripheral illumination.
With diffuse illumination thev responded at both on and off.
The response of most of the ganglion cells in the retina of Nectu~z~ was transient, consisting of a brief burst of impulses superimposed on a small membrane depolarization. Such responses are illustrated in Fig. 3 . The rate of impulse firing was roughly proportional to the membrane polarization, thus distinguishing this response from that of the amacrine cell, which consists of only one or two spikes superimposed on a large depolarization ( Fig. 3 and Fig. 11 ). Resting potentials were quite variable and low in the ganglion cells, never exceeding 40 mv, Many of the units recorded from appeared to be spontaneously active, but this may be because they were often damaged upon penetration.
The micropipette had to puncture through the internal limiting at Penn State Univ on February 23, 2013
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Some ganglion cells responded at on, others responded at off, and some responded at both on and off. In addition to these ganglion cells that responded transiently with illumination, some cells responded with a sustained discharge of impulses when the center of the cell receptive field was illuminated.
In such units the sustained discharge elicited by central illumination was inhibited by additional illumination at the periphery of the receptive field, as shown in Fig. 3 . The receptivefield organization of these units was very much like that of the bipolar cells. Thesimilarity between these sustained, spikecjenerating units and the bipolar response , is illustrated in Fig. 3 Figure  10 shows this phenomenon clearly for the bipolar cell in Necturus, and Fig. 3 for the ganglion cell. The on-off units in Necturus seem to follow more closely the activity of amacrine cells (see Fig. 3 ) from which cells the anatomy suggests they receive their primary synaptic input (14) . Anatomical studies in many vertebrates (12, 14, 27) 
